Esophageal candidiasis is commonly seen in immunocompromised patients; however, candida esophagitis induced stricture is a very rare complication. We report the first case of esophageal stricture secondary to candidiasis in a glycogen storage disease (GSD) 1b child. The patient was diagnosed with GSD type 1b by liver biopsy. No mutation was found in the G6PC gene, but SLC37A4 gene sequencing revealed a compound heterozygous mutation (p.R28H and p.W107X, which was a novel mutation). The patient's absolute neutrophil count was continuously under 1,000/µL when he was over 6 years of age. He was admitted frequently for recurrent fever and infection, and frequently received intravenous antibiotics, antifungal agents. He complained of persistent dysphagia beginning at age 7 years. Esophageal stricture and multiple whitish patches were observed by endoscopy and endoscopic biopsy revealed numerous fungal hyphae consistent with candida esophagitis. He received esophageal balloon dilatation four times, and his symptoms improved.
INTRODUCTION
Candida esophagitis commonly occurs in immunocompromised patients, such as those with leukemia, other malignant neoplasm, diabetes mellitus, longterm steroid therapy, and extended use of broadspectrum antibiotics, immunosuppressants, or chemotherapeutic agents [1] .
However, candida esophagitis induced stricture is a very rare complication [1] [2] [3] [4] [5] [6] . It is well known that frequent infections can occur in glycogen storage disease (GSD) 1b patients, but thus far, candida esophagitis has not been reported in GSD 1b patients. This is a first case report of esophageal stricture due to candidiasis in a GSD 1b child.
CASE REPORT
A 2-month-old boy contracted pneumonia with atelectasis and showed progressive abdomen distension and puffy facial feature. He was referred to Seoul National University Children's Hospital when There were diffuse strictures and multiple small diverticulum in the mid-esophagus (thoracic vertebrae 3 levels) on esophagography when he was 8 years old. (B) There were multiple whitish, dense, confluent plaques throughout the esophagus on esophagogastroduodenoscopy when he was 8 years old.
he was 5-month-old.
His height was 67.5 cm (50-75th percentile) and body weight was 8.5 kg (50-75th percentile). Physical examination showed hepatomegaly that occurred 3 cm below the costal margin. His hemoglobin was 9.6 (reference range, 13-17) g/dL, his white blood cell count was 8,400 (reference range, 4,000-10,000)/μL, and his platelet count was 591×10 A liver biopsy showed cytoplasmic ballooning with deposits of periodic acid-Schif positive and diastase-digestible materials, glycogen nuclei, macrovesicular fat globules, and portal fibrosis. No mutation was found in the G6PC gene, but SLC37A4 gene sequencing revealed a compound heterozygous mutation (p.R28H and p.W107X, which was a novel mutation). He was diagnosed with GSD 1b, and given cornstarch.
The patient complained of dysphagia and stunted growth beginning at age 5 years. His symptom progressed and he was admitted for further evaluation at 7 years of age. Esophagogram showed diffuse stricture and multiple small diverticulum in the mid-esophagus (thoracic vertebrae 3 levels) ( Fig. 1  A) and multiple whitish patches were observed using endoscopy (Fig. 1B) . With clinical suspicion of candida esophagitis, he received oral fluconazole for 20 days. His dysphagia was persistent and he received a second endoscopy. The whitish patches had almost disappeared, but the esophageal stricture was persistent. He received esophageal balloon dilatation (EBD) three times. After the dilatation his symptoms were relieved, but when he was 11 years old, he complained of recurrent dysphagia, vomiting and hypoglycemia. An endoscopic biopsy revealed numerous fungal hyphae consistent with candida esophagitis.
The patient's absolute neutrophil count was continuously under 1,000/μL when he was over 6 years of age. He was admitted frequently for recurrent esophageal candidiasis, neutropenic fever, skin in- fection and acute otitis media (AOM). He frequently received intravenous antibiotics, antifungal agents and granulocyte colony-stimulating factor (G-CSF). However, recurrent AOM caused tympanic membrane adhesion, hearing defects, and frequent pneumonia finally ending with bronchiectasis with emphysematous changes.
At the age of 21 years, he presented with progressive anterior lower chest pain. Chest computed tomography showed esophageal wall thickening and a left mediastinal abscess ( Fig. 2A) . In addition, the patient continued to experience bronchiectasis with mucous plugging. Esophagography showed a suspected esophageal fistulous track (Fig. 2B) . However, we could not find a correlation between the esophagus and the mediastinal abscess. With intravenous antibiotics and fluconazole, the fever and dysphagia subsided.
When the patient was 22 year old, multiple variably sized nodules appeared in both hepatic lobes, with the largest one measured at 1.5 cm; these nodules appeared as continuously growing hepatic adenomas by magnetic resonance imaging.
An endoscopy performed when the patient was 23 years old showed mid-esophageal stricture, and a 5 mm endoscope could not pass through the esophagus. Esophagography showed a diffuse narrowing of the mid-esophagus (arrowheads) and multiple concentric strictures in the upper esophagus (arrows) (Fig. 3) .
He is currently 24 years old, his height is 173.1 cm (25-50th percentile), and his body weight is 59 kg (10-25th percentile). His most recent physical examination still showed hepatomegaly. The patient was suffering from severe progressive dysphagia. Multifocal tight strictures at the mid-esophagus (thoracic vertebrae 5 level) were observed on esophagography. He received his 4th EBD dilatation with a 10 mm×2 cm balloon catheter. After EBD, his dysphagia resolved, and he could eat solid food without Pediatr Gastroenterol Hepatol Nutr difficulty, He is now planning to undergo liver transplantation because of multiple growing adenomas.
DISCUSSION
There are some reports of oral, perineal and inguinal skin candidiasis in GSD [7] but this is the first report of esophageal stricture due to candida esophagitis in a GSD type 1b patient. Our case is also the first report of the novel mutation c.320G＞A (p.W107X) in the SLC37A4 gene.
Fungal esophagitis has been shown induce sloughing of the esophageal mucosa, resulting in stricture, but this condition is very rare [1] [2] [3] [4] [5] [6] . In a pediatric case, a 3-year-old leukemic patient received chemotherapy and radiotherapy. During treatment, she contracted a candida infection manifesting as pericarditis, oral candidiasis and genital candidiasis, and received antifungal agents. After treatment for the fungal infection, she had progressive dysphagia and a 6 cm esophageal stricture was observed [3] . Four pediatric acute lymphoblastic leukemia patients developed esophageal stricture, 2 of whom were confirmed as having candida esophagitis, whereas the other 2 patients had previous systemic candidiasis [4] . It was reported that the colonization of Candida albicans in the esophagus was not related to Barett's esophagus, paraesophageal hernia and esophageal diverticulum [8] .
G6Pase plays a key role in the final step of glycogenolysis, which involves the hydrolysis of glucose-6-phosphate (G6P) in the endoplasmic reticulum. G6P translocase (G6PT), encoded by the SLC37A4 gene, is ubiquitously expressed, and transports G6P from the cytosol to the endoplasmic reticulum. Bi-allelic SLC37A4 mutations result in GSD 1b [9, 10] . Our patient had two different mutations in the SLC37A4 gene, including the known mutation c.83G ＞A (p.R28H), and a novel mutation c.320G＞A (p.W107X). The novel mutation was found at codon 107, mutating a tryptophan residue to a stop codon. In Korea, another novel mutation, c443C＞T, was reported in one boy and led to the substitution of alanine by valine at codon 148 (A148V), causing GSD 1b [11] .
Many studies have been conducted regarding the association between GSD 1b and neutropenia, and inactivation of G6PT induced neutrophil apoptosis, thus causing neutropenia and neutropenic dysfunction [12, 13] . GSD 1b patients experience recurrent infections and show inflammatory bowel disease (IBD) features in gastrointestinal tract that are difficult to distinguish from Crohn's disease [12, 14] .
In neutropenia treatment, G-CSF can be used, not only to increase neutrophil count but also to improve neutrophil function and thus, reduce severe infection [15] . One case report, described peripheral stem cell transplantation as effective for 6.5-year-old GSD 1b patient suffering from neutropenic life-threatening complications, such as IBD, and recurrent infection. His IBD symptoms were relieved, his infection frequency and admission counts were decreased and G-CSF treatment was discontinued [14] . Live transplantation can be helpful for neutropenia and errors of metabolism in the liver, leading to an improved quality of life [16] [17] [18] . Recently, gene therapy using an adenoviral vector expressing G6PT was studied in an animal model of neutropenia in GSD 1b patients [19] .
Our patient had neutropenia for a long time and suffered from recurrent infection and complications including bronchiectasis, esophageal candidiasis and adhesive tympanic membrane, although he received the appropriate antibiotics and G-CSF. However, recurrent esophageal candidiasis induced mucosal glandular inflammation and resulted in stricture formation [2] .
Our report is the first of esophageal stricture due to candidiasis in a GSD type 1b patient. This suggests that neutropenia management is important for GSD 1b patients to reduce significant infections and complications.
